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thermophilus and E. coli. The translation reactions containing stGFP mRNA are conducted at 37°C for 4 hr in the reconstituted T. thermophilus system in which each of the T. thermophilus initiation factors is either removed (ΔIF1, ΔIF2, or ΔIF3) or replaced by its counterparts from E. coli (Ec IF1, Ec IF2, or Ec IF3, respectively). The relative synthesis yields (%) are based on the fluorescence of the reactions compared to that of the complete T. thermophilus system (Tt IFs) set as 100. The data are based on at least two independent experiments. * References for the purification procedures of the components from organisms other than T.
thermophilus are indicted by the names of the organisms in parentheses. ¶ RF2 was not used in this study since all mRNA in the translation reactions have UAA as the stop codon; there is no known release factor 3 (RF3) in T. thermophilus, whereas in E. coli, RF3 is encoded by the prfC gene. § The glycyl-tRNA synthetase (GlyRS) from T. thermophilus is a homodimer, with no significant identity with GlyRS of E. coli, which is a alpha 2 beta 2 heterotetramer, encoded by two genes:
glyQ and glyS.
MTF: methionyl-tRNA formyltransferase; aaRS: aminoacyl-tRNA synthetases; PK: pyruvate kinase; NDK: nucleotide diphosphate. kinase; ADK: adenylate kinase; PPA: inorganic pyrophosphatase. n.a. not available or applicable. For each his-tagged protein, cells transformed with the expression vector were grown at 37°C to OD 600 of 0.6 in 2-6 L Luria-Bertani (LB) broth. Isopropyl-β-Dthiogalactoside (IPTG) was then added to a final concentration of 0.1 mM and the cells were grown for an additional 4-5 hr at 37°C. Cells were harvested by centrifugation and lysed by sonication in lysis buffer (50 mM Tris-HCl, pH7.5, 300 mM KCl, 10 mM MgCl 2 , 20 mM imidazole, and 1 mM β-mercaptoethanol). Cell debris was removed by centrifugation at 16,000 g for 1 hr at 4°C and the supernatant was applied to a 10 ml HisTrap FF column (GE healthcare, Piscataway, NJ). After washing the column with 100 ml lysis buffer, the his-tagged protein was eluted with a linear gradient of 20 mM to 250 mM imidazole in lysis buffer. Fractions containing the his-tagged protein were combined and heated at 65°C for 30 min to denature contaminating E. coli proteins.
After centrifugation to remove the denatured proteins, the purified protein was dialyzed against the storage buffer (25 mM Tris-HCl, pH7.5, 100 mM K-glutamate, 10 mM Mg(OAc) 2 , 30% glycerol, and 1 mM β-mercaptoethanol) and stored frozen in small aliquots at -80°C. In the case of his-tagged RF1, ArgRS, HisRS, LysRS, PheRS, ThrRS, and NDK, a high salt lysis buffer (50 mM Tris-HCl, pH7.5, 1M NH 4 Cl, 10 mM MgCl 2 , 20 mM imidazole, and 1 mM β-mercaptoethanol) and a high salt storage buffer (25 mM Tris-HCl, pH7.5, 1M NH 4 Cl, 10 mM Mg(OAc) 2 , 30% glycerol, and 1 mM βmercaptoethanol) were used.
Almost all his-tagged recombinant proteins were purified to near homogeneity as indicated by the SDS-PAGE analyses ( Figure S6 
Determining the activities of the aminoacyl-tRNA synthetases of T. thermophilus
The activities of 20 purified aminoacyl-tRNA synthetases (aaRS) of T. thermophilus were first examined in a reconstituted E. coli system in which each E. coli aaRS was individually removed and replaced by its T. thermophilus counterpart in the same concentration. All other components in the reconstituted E. coli system remained essentially the same as those described in previously studies (14, 80 TyrRS, lower Fluc activities were observed with the T. thermophilus aaRS in the reconstituted E. coli system (Fig. S9A ). Addition of extra T. thermophiles tRNA (1.05 mg/ml) to the reactions significantly increased the Fluc activities (Fig. S9B ). As controls, extra E. coli tRNA (1.59 mg/ml) was also added to the same set of reactions. The results in Fig. S9B suggest that the low activities observed for three T. thermophilus aaRS were mainly due to the preference of T. thermophilus AspRS and MetRS for T.
thermophilus tRNA over E. coli tRNAs, and the requirement of T. thermophilus TyrRS for a higher concentration of tRNA.
In the absence of E. coli GluRS, PheRS, ThrRS or TrpRS, significant Fluc activities (>60%) still remained in the reconstituted E. coli system used in this study (Fig. S9A , black bars). Since addition of the corresponding T. thermophilus aaRS did not result in a significant increase in the Fluc activity ( Fig. S9A, white bars) , the activities of these T. thermophilus aaRS were verified by the poly(Phe) assay (PheRS, Fig. S8 ) or the tRNA aminoacylation assay (Gluc RS, ThrRS and TrpRS, Figure S9C) MM filter discs. After soaking in 5% TCA on ice for 5 min, the filter discs were washed twice with 5% TCA and once with cold ethanol for 10 min each step. The filter discs were dried and the radioactivity was measured in a scintillation counter.
Purification of T. thermophilus ribosome and total tRNA and preparation of T.
thermophilus S30 extract
The ribosome of T. thermophilus was purified using established protocols with minor modification (82). All buffers and purification procedures were at 4°C, unless otherwise noted. Specifically, T. thermophilus strain HB8 was grown in small-scale fermentation (10 L) in NEB fermentation facility. The culture was cooled rapidly and the cells were Total T. thermophilus tRNA was prepared according to the established protocol (83).
Briefly, the top layer from the first ultracentrifugation step described above was mixed with an equal volume of the saturated phenol solution (pH 6.6) and incubated at 37°C for 30 min. After centrifugation at 13,000 g for 15 min, the upper layer was collected and subject to a second phenol extraction and centrifugation step. The nucleic acids (DNA and RNA) in the upper layer were then precipitated by adding 0.1 volume of 3M sodium acetate (pH5.3) and 2.5 volume of cold ethanol, and incubating overnight at -20°C.
Following centrifugation at 13,000 g for 30 min, the pellet was dried and then dissolved in 70 ml of 0.3 M sodium acetate (pH7.0). To precipitate DNA and high molecular weight RNA, isopropanol (38 ml) was added slowly in drops with a needle at 4°C. after centrifugation at 13,000 g for 30 min, the supernatant (~108 ml) was collected and mixed with 31 ml of isopropanol. Following centrifugation at 13,000 g for 30 min, pellet of the precipitated tRNA was dried and dissolved in H 2 O. The final concentration of total tRNA was measured at A 260 .
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